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(57) Disclosed is an electric power steering appara- 
tus having an electronic control device for controlling mo- 
tor current based an electric signals inputted from a 
torque sensor of an automobile and a motor for generat- 
ing steering power. The electroniccontrol device includes 
a PCB; a metal substrate formed a lower side of the PCB 
in a plate shape while being perpendicular to the PCB; 
a heating device having a terminal coupled to the PCB 
and a body coupled to a front surface of the metal sub- 
strate; and a radiation plate spaced a predetermined dis- 
tance from the PCB and having a coupling unit formed 
on an upper surface of the radiation plate, the metal sub- 
strate being coupled to the coupling unit. 
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Description 

[0001] The present invention relates to an electric pow- 
er steering apparatus. Embodiments of the present in- 
vention relate to an electric power steering apparatus for 
an automobile. More particularly, embodiments of the 
present invention relate to an electric power steering ap- 
paratus having an electronic control device including a 
PCB, a metal substrate perpendicularto the PCB, a heat- 
ing device having a body coupled to the metal substrate, 
and a radiation plate having a coupling unit on its upper 
surface, to which the metal substrate is coupled, for im- 
proved radiation function. 

[0002] Known power steering apparatuses for automo- 
biles include a hydraulic power steering apparatus utiliz- 
ing hydraulic pressure of a hydraulic pump, which has 
been used since its initial introduction, and an electric 
power steering apparatus utilizing an electric motor, use 
of which has been gradually universalized since the 
1990's. 

[0003] In the existing hydraulic power steering appa- 
ratus, a hydraulic pump, which is a power source for sup- 
plying steering power, is driven by an engine, which caus- 
es the hydraulic pump to continuously consume energy 
regardless of whether or not the steering wheel is being 
rotated. In the electric power steering apparatus, when 
steering torque is generated by rotation of a steering 
wheel, a motor supplies steering power in proportion to 
the generated steering torque. Therefore, in energy effi- 
ciency terms, the electric power steering apparatus is 
more advantageous than the hydraulic power steering 
apparatus. 

[0004] As shown in FIG. 1, a known electric power 
steering apparatus for an automobile includes a steering 
system 100, which includes elements from a steering 
wheel 101 to both wheels 108, and a steering power 
mechanism 1 20 for supplying steering powerto the steer- 
ing system 100. 

[0005] The steering system 100 includes a steering 
shaft 1 02 having an upper end connected to the steering 
wheel 1 01 , so that the steering shaft 1 02 rotates together 
with the steering wheel 1 01 , and a lower end connected 
to a pinion shaft 104 via a pair of universal joints 103. 
The pinion shaft 1 04 is connected to a rack bar 1 09 via 
a rack-pinion mechanism 1 05. Both ends of the rack bar 
1 09 are connected to the wheels 1 08 via tie rods 1 06 and 
knuckle arms 1 07. 

[0006] The rack-pinion mechanism 1 05 includes a pin- 
ion gear 1 1 1 formed on the lower end of the pinion shaft 
104 and a rack gear 1 12 formed on a side of the outer 
peripheral surface of the rack bar 1 09 to engage with the 
pinion gear 111. The rack-pinion mechanism 105 con- 
verts the rotational motion of the pinion shaft 104 into a 
linear motion of the rack bar 1 09. Particularly, when the 
driver operates the steering wheel 101, the pinion shaft 
104 rotates accordingly. The rotation of the pinion shaft 
1 04 causes the rack bar 1 09 to move linearly in the shaft 
direction. The linear motion of the rack bar 1 09 is trans- 



mitted to and operates the wheels 108 via the tie rods 
1 06 and the knuckle arms 1 07. 

[0007] The steering power mechanism 1 20 includes a 
torque sensor 121 for sensing steering torque applied to 

5 the steering wheel 101 by the driver and outputting an 
electric signal in proportion to the sensed steering torque, 
a velocity sensor 1 22 for sensing the velocity of the au- 
tomobile and outputting an electrical signal, an ECU 
(electronic control unit) 123forgeneratingacontrol signal 

10 based on the electric signals from the torque sensor 121 
and the velocity sensor 1 22, and a motor 1 30 for gener- 
ating steering power based on the control signal from the 
ECU 123. 

[0008] The electric power steering apparatus is oper- 
as ated as follows: when the driving wheel 101 is rotated, 
driving torque is generated and transmitted to the rack 
bar 109 via the rack-pinion mechanism 105. In addition, 
the generated steering torque causes the motor 130 to 
generate steering power, which is transmitted to the rack 
20 bar 109. As such, the steering torque generated by the 
steering system 1 00 is combined with the steering power 
generated by the motor 130, so that the rack bar 109 is 
moved in the shaft direction. 

[0009] As shown in FIG. 2, a known electronic control 
25 device includes a PCB 201 , a metal substrate 21 1 , and 
a radiation plate 221 . 

[0010] The PCB 201 has various components mount- 
ed thereon, including a capacitor 203 for absorbing ripple 
current included in current supplied to a motor; a shunt 

30 resistor 205 for sensing the current supplied to the motor; 
an FET (field effect transistor) 207 for switching the cur- 
rent supplied to the motor based on the size and direction 
of steering power; a coil 209 for removing electromag- 
netic noise; and a microcomputer 210 for calculating 

35 steering power based on steering torque and the auto- 
mobile's velocity. 

[0011] The metal substrate 21 1 is spaced a predeter- 
mined distance from the PCB 201 , and a body 208 of the 
FET 207 is coupled to the upper surface of the metal 

40 substrate 211. 

[0012] The radiation plate 221 is positioned on the bot- 
tom surface of the metal substrate 21 1 and is coupled to 
the PCB 201 and the metal substrate 21 1 with bolts 21 3, 
in orderto radiate heat, which is generated from the body 

45 208 of the FET 207 and transmitted via the metal sub- 
strate 21 1 , into the air. 

[0013] However, the known electronic control device, 
constructed as above, has a problem in that it cannot 
effectively radiate a large quantity of heat, which is gen- 
50 erated by the body 208 of the FET 207 when current 
necessary to drive the motor flows, because the metal 
substrate 21 1 and the radiation plate 221 are stacked on 
each other. 

[001 4] Any attempt to increase the thickness of the ra- 
55 diation plate 221 , in order to improve heat radiation, is 
limited by spatial restrictions. 

[0015] When a larger number of FETs 207 are used, 
their assembly process becomes complicated, because 
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bolts 213 are used to couple respective bodies 208 of 
the FETs 207 to the metal substrate 21 1 . 
[0016] Accordingly, the present invention has been 
made in view of the above mentioned problems. 
[0017] Embodiments of the present invention seek to 
provide an electronic control device having a metal sub- 
strate and a radiation plate stacked in such a manner 
that heat is radiated effectively. 

[0018] Embodiments of the present invention seek to 
provide an electronic control device having a separate 
coupling unit on the radiation plate so that the coupling 
unit can have a large thickness, regardless of spatial re- 
strictions, and heat can be radiated effectively. 
[0019] Still other embodiments of the present invention 
seek to provide an electronic control device having a 
heating device (e.g. FET), the body of which is soldered 
to the metal substrate without using bolts, and a radiation 
plate having a coupling unit adapted in such a manner 
that the metal substrate, which has the body of the heat- 
ing device coupled thereto, can be coupled to the cou- 
pling unit using bolts for simplification of the assembly 
process. 

[0020] According to embodiments of the present in- 
vention, there is provided an electronic control device for 
an electric power steering apparatus having an electronic 
control device forcontrolling motor current based on elec- 
tric signals inputted from a torque sensor of an automo- 
bile and a motor for generating steering power, the elec- 
tronic control device including a PCB; a metal substrate 
formed on a lower side of the PCB in a plate shape while 
being perpendicularto the PCB; a heating device having 
a terminal coupled to the PCB and a body coupled to a 
front surface of the metal substrate; and a radiation plate 
spaced a predetermined distance from the PCB and hav- 
ing a coupling unit formed on an upper surface of the 
radiation plate, the metal substrate being coupled to the 
coupling unit. 

[0021] According to alternative embodiments of the 
present invention, there is provided an electric power 
steering apparatus for an automobile including a pinion 
shaft connected to a steering wheel of the automobile 
and having a pinion gear formed on a side thereof; a rack 
bar connected to both wheels of the automobile and hav- 
ing a rack gear formed on a side thereof to engage with 
the pinion gear; a torque sensor for sensing steering 
torque applied to the steering wheel and outputting an 
electric signal; a velocity sensor for sensing velocity of 
the automobile and outputting an electric signal; an elec- 
tronic control device for generating a control signal based 
on the electrical signals from the toque sensor and the 
velocity sensor; and a motorfor generating steering pow- 
er based on the control signal from the electronic control 
device, the electronic control device including a PCB; a 
metal substrate formed on a lower side of the PCB in a 
plate shape while being perpendiculartothe PCB; a heat- 
ing device having a terminal coupled to the PCB and a 
body coupled to a front surface of the metal substrate; 
and a radiation plate spaced a predetermined distance 



from the PCB and having a coupling unit formed on an 
upper surface of the radiation plate, the metal substrate 
being coupled to the coupling unit. 
[0022] In the following description and drawings, like 
5 reference signs indicate like parts. Embodiments of the 
invention will now be described by way of non-limiting 
example only, with reference to the drawings, in which: 

FIG. 1 shows the construction of a known electric 
10 power steering apparatus for an automobile; 

FIG. 2 is an exploded perspective view briefly show- 
ing a known electronic control device; 
FIG. 3a is an exploded perspective view briefly show- 
ing an electronic control device embodying the 
15 present invention; 

FIG. 3b shows a circuit diagram of an electronic con- 
trol device embodying the present invention; 
FIG. 4 is a sectional view showing a process for sol- 
dering a heating device to a metal substrate; 
20 FIG. 5 is a lateral sectional view showing a process 
for mounting a substrate case on a radiation plate; 
and 

FIG. 6 is a partially-broken perspective view showing 
a coupling unit formed on a radiation plate. 

25 

[0023] Hereinafter, an embodiment of the present in- 
vention will be described with reference to the accompa- 
nying drawings. In the following description and draw- 
ings, the same reference numerals are used to designate 
30 the same or similar components, and so repetition of the 
description on the same or similar components will be 
omitted. 

[0024] As shown in FIGs. 3a and 3b, the electronic 
control device accordingtoan embodiment of the present 

35 invention includes a PCB 201 ; a plate-shaped metal sub- 
strate 21 1 positioned on top of the PCB 201 while being 
perpendicularto the PCB 201 ; a heating device 303 hav- 
ing a terminal 301 coupled to the PCB 301 and a body 
208 coupled to the front surface of the metal substrate 

^o 211; and a radiation plate 221 spaced a predetermined 
distance from the PCB 201 and having a coupling unit 
305, to which the metal substrate 21 1 is coupled, posi- 
tioned on the bottom surface thereof. 
[0025] The PCB 201 has a wiring pattern formed on a 

45 surface thereof so that a microcomputer 21 0, a capacitor 
203, a shunt resistor 205, and a coil 209 are mounted on 
the PCB 201 via their terminals, which are soldered to 
the wiring pattern, respectively. 

[0026] The PCB 201 has a connector 31 1 mounted on 
50 a side thereof, in order to connect a motor 130 and a 
battery 335, which supplies motor current IM for driving 
the motor 130, to a bridge circuit 337. The bridge circuit 
337 is composed of a plurality of switching devices to 
switch the motor current IM based on the size and direc- 
55 tion of steering power. 

[0027] The microcomputer 210 calculates steering 
power, based on steering torque and the automobile's 
velocity, and generates a control signal, based on the 
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calculated steering power. The microcomputer 210 in- 
cludes a motor current determination unit 331 for gener- 
ating commands regarding rotational direction of the mo- 
tor 130 and motor current (IM), based on the steering 
power, and a PID control unit 333. 
[0028] Upon receiving a current control signal from the 
microcomputer 210, a drive circuit 341 drives the motor 
130 using the bridge circuit 337. 

[0029] The capacitor 203 is adapted to absorb a ripple 
current component included in the motor current IM and 
has an electrostatic capacity of about 3600jxF. 
[0030] The shunt resistor 205 has a motor current 
sensing unit 339 positioned on an end thereof to sense 
the motor current IM. 

[0031] Meanwhile, the shunt resistor 205 has a prob- 
lem in that it generates excessive heat. In order to avoid 
this problem, an inexpensive current sensor (not shown) 
may be positioned between the bridge circuit 337 and 
the connector 311, as shown in FIG. 3b, to replace the 
shunt resistor 205. 

[0032] The PCB 201 has coupling holes 313 formed 
on corners thereof so that the PCB 201 can be coupled 
to posts 315 of the radiation plate 221 by bolts 213, as 
will be described later. The PCB 201 may have pin cou- 
pling holes 323 spaced a predetermined distance from 
the coupling holes 313 so that coupling pins 321 of the 
posts 315 can be inserted therein, as will be described 
later. 

[0033] The heating device 303 includes a terminal 301 
and a body 208. The heating device 303 may be any type 
of electronic device, including an FET, which consumes 
much power. 

[0034] The terminal 301 connects the heating device 
303 to the PCB 201 and supplies the body 208 with cur- 
rent. When the heating device 303 is to be mounted on 
the PCB 201 , the terminal 301 is positioned so as to ex- 
tend through the PCB 201 from a surface of the PCB 201 
and an end of the terminal 301 , which protrudes from the 
other surface of the PCB 201 , is soldered to fix the ter- 
minal 301 to the PCB 201. 

[0035] The body 208 is adapted to perform a prede- 
termined function when the heating device 303 is sup- 
plied with current. The body 208 is coupled to the metal 
substrate 21 1 to radiate heat occurring during operation, 
as will be described later. 

[0036] As shown in FIG. 4, the body 208 is coupled to 
the metal substrate 21 1 by forming coupling holes on a 
side of the body 208, forming bolt holes on the metal 
substrate, and coupling the body 208 to the metal sub- 
strate 21 1 using bolts. According to embodiments of the 
present invention, and as shown in FIG. 4, the body 208 
is coupled to the metal substrate 211 by positioning a 
metal plate 304 on a side of the body 208, applying solder 
306 to the front surface of the metal substrate 21 1 , and 
soldering the metal plate 304 to the metal substrate 21 1 . 
[0037] Embodiments of the present invention provide 
a shorter and simpler assembly process. More particu- 
larly, in known apparatuses, each heating device 303 is 



fixed to the metal substrate 21 1 using bolts one by one 
and, when a large number of heating devices 303 are 
used, the assembly process is inevitably complicated and 
prolonged. In contrast, in an apparatus according to em- 
5 bodiments of the present invention, the heating device 
303 is simply soldered to the metal substrate 21 1 . 
[0038] The metal substrate 211 transmits heat from 
the heating device 303 to the radiation plate 221. The 
metal substrate 21 1 has the shape of a plate and is po- 
10 sitioned on top of the PCB 201 while being perpendicular 
to the PCB 201 . The body 208 of the heating device 303 
is coupled to the front surface of the metal substrate 211. 
The metal substrate 21 1 may be made of metal having 
good thermal conductivity, such as aluminum or copper, 
15 so that heat can be rapidly transmitted from the heating 
device 303 to the radiation plate 221 . 
[0039] The metal substrate 21 1 has coupling holes 31 3 
formed on corners thereof, through which bolts 213 ex- 
tend, and the radiation plate 221 has bolt holes 317 
20 formed on its coupling unit 305, as will be described later, 
so that the metal substrate 21 1 can be coupled to the 
front surface of the coupling unit 305 with the bolts 213. 
[0040] The radiation plate 221 is adapted to radiate 
heat, which is transmitted via the metal substrate 211, 
25 into the air quickly. The radiation plate 221 has a coupling 
unit 305 and posts 315 positioned on its bottom surface 
and is spaced a predetermined distance from the PCB 
201 . The radiation plate 221 may be made of metal hav- 
ing good thermal conductivity, such as aluminum or cop- 
30 per, so that heat can be radiated from the heating device 
303 into the air quickly. 

[0041 ] As shown in FIG. 5, a substrate case 501 , which 
isadaptedtoenclosethe PCB 201 from above, is coupled 
to a coupling step 503, which protrudes from the bottom 
35 of the radiation plate 221 in the lateral direction, using 
bolts 231 so that various devices mounted on the PCB 
201 are protected. 

[0042] Alternatively, the bolts 213 may be coupled to 
the radiation plate 221 in the lateral direction without us- 
40 jng the coupling step 503. 

[0043] The coupling unit 305 protrudes from a side of 
the bottom surface of the radiation plate 221 and has bolt 
holes 31 7 formed on the front surface thereof so that the 
metal substrate 21 1 can be coupled to the front surface 
45 of the coupling unit 305 with bolts 21 3. 

[0044] The coupling unit 305 may have a mounting 
groove 325 formed on the front surface thereof in a shape 
corresponding to that of the metal substrate 21 1 so that 
the metal substrate 21 1 can be fastened to the coupling 
50 unit 305 by seating the metal substrate 21 1 in the mount- 
ing groove 325. 

[0045] The coupling unit305 acts as a path along which 
heat is transmitted from the heating device 303 to the 
radiation plate 221 . Therefore, the coupling unit 305 must 
55 quickly radiate generated heat, as well as quickly transmit 
the heat to other parts of the radiation plate 221 . 
[0046] As shown in FIG. 6, the coupling unit 305 may 
have protrusions 601 formed on the rear or bottom sur- 
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face thereof, in order to increase the surface area of the 
coupling unit305, which is in contact with air, and improve 
heat radiation effect. Alternatively, the coupling unit 305 
may have a radiation groove 319 formed on the bottom 
surface thereof with a predetermined depth, in order to 
improve heat radiation effect. 

[0047] According to known apparatuses, an increase 
in the thickness of the radiation plate 221 for better heat 
radiation is limited by spatial restrictions. In contrast, ac- 
cording to embodiments of the present invention, the 
thickness W of the radiation plate 221 can be increased 
as desired by increasing the width W of the coupling unit 
305 to the same degree. As a result, the heat radiation 
effect can be improved without any spatial restrictions. 
[0048] The posts 315 protrude a predetermined length 
from corners of the bottom surface of the radiation plate 
221 and have bolt holes 31 7 formed on the inner portion 
thereof so that the PCB 201 , which is provided with cou- 
pling holes 313, can be fixed to the posts 315 with bolts 
213. The radiation plate 221 is usually square and may 
have four posts 315, but the number is not limited to that 
herein. 

[0049] The posts 315 may have coupling pins 321 
formed on the top thereof with a predetermined length to 
be inserted into the pin coupling holes 323 formed on the 
PCB 201. This is advantageous in that, when the PCB 
201 and the radiation plate 221 are to be coupled to each 
other, they can be fixed to each other before using bolts 
213. In addition, the coupling holes 313 of the PCB 201 
and the bolt holes 31 7 of the posts 31 5 are automatically 
aligned with each other so that bolts 21 3 can be coupled 
thereto more easily. 

[0050] Furthermore, coupling between the coupling 
pins 321 and the pin coupling holes 323 enhances the 
coupling between the PCB 201 and the posts 315. 
[0051 ] As mentioned above, the electronic control de- 
vice according to embodiments of the present invention 
is advantageous in that the metal substrate and radiation 
plate are stacked in such a manner that heat can be ef- 
fectively radiated from the heating device. 
[0052] In addition, the width of the coupling unit can 
be increased as desired, without any spatial restrictions, 
to improve heat radiation effect. 

[0053] Furthermore, the body of the heating device is 
soldered to the metal substrate, which is then fixed to the 
coupling unit of the radiation plate with bolts. This sim- 
plifies the assembly process. 

[0054] The invention has now been described with ref- 
erence to an example. The invention itself however is not 
restricted to the described features but is only limited by 
the following claims. 



Claims 

1 . An electric power steering apparatus having an elec- 
tronic control device for controlling motor current 
based on electric signals inputted from a torque sen- 



sor of an automobile and a motor for generating 
steering power, the electronic control device com- 
prising: 

5 a PCB; 

a metal substrate formed on a lower side of the 
PCB in a plate shape while being perpendicular 
to the PCB; 

a heating device having a terminal coupled to 
10 the PCB and a body coupled to a front surface 

of the metal substrate; and 
a radiation plate spaced a predetermined dis- 
tance from the PCB and having a coupling unit 
formed on an upper surface of the radiation 
15 plate, the metal substrate being coupled to the 

coupling unit. 

2. An electric power steering apparatus according to 
claim 1 , wherein the body of the heating device is 

20 coupled to the metal substrate by soldering. 

3. An electric power steering apparatus according to 
claim 2, wherein the coupling unit has a mounting 
groove formed in a shape corresponding to the metal 

25 substrate. 

4. An electric power steering apparatus according to 
claim 3, wherein the metal substrate has a coupling 
hole formed thereon, the radiation plate has a bolt 

30 hole formed on the coupling unit, and the metal sub- 
strate is coupled to the coupling unit by a bolt inserted 
into the coupling hole and the bolt hole. 

5. An electric power steering apparatus according to 
35 any preceding claim, wherein the coupling unit has 

protrusions formed on a rear surface thereof. 

6. An electric power steering apparatus according to 
claim 1, 2, 3, or 4, wherein the coupling unit has 

40 protrusions formed on a bottom surface thereof. 

7. An electric power steering apparatus according to 
claim 6, wherein the coupling unit has a radiation 
groove formed on a bottom surface thereof with a 

45 predetermined depth. 

8. An electric power steering apparatus according to 
claim 7, wherein the radiation plate has a post pro- 
truding a predetermined length from the upper sur- 

50 face of the radiation plate with a bolt hole formed on 
an inner portion of the post, the PCB has a coupling 
hole formed thereon, and the PCB is coupled to the 
radiation plate by a bolt inserted into the coupling 
hole and the bolt hole. 

55 

9. An electric power steering apparatus according to 
claim 8, wherein the post has a coupling pin protrud- 
ing a predetermined length and the PCB has a pin 
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coupling hole formed thereon, the coupling pin being 
inserted into the pin coupling hole. 

10. An electric power steering apparatus according to 
claim 9, wherein a substrate case is coupled to an 5 
upper surface of the PCB. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



6 



EP 1 780 094 A1 




7 



EP 1 780 094 A1 



-1 



Fig. 2 



221 




8 



EP 1 780 094 A1 
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Fig. 4 
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